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Abstract. The original Dirac Equation is modified in the simplest imaginable and 
most trivial manner to include a universal A-Vector Cosmological Field term in the space and 
time dimensions. This cosmological field leads to a modified Dirac Equation capable of 
explaining why the Universe appears to be made up chiefly of matter. It is seen that 
this 4- Vector Cosmological Field is actually a particle field and this particle field can possibly 
be identified with the darkmatter and darkenergy field. Further, this 4- Vector Cosmological 
Field is seen to give spacetime the desired quantum mechanical properties of randomness. 
Furthermore, it is seen that in the emergent Universe, the position coordinates of a particle 
in space - contrary to the widely accepted belief that the position of a particle in space 
has no physical significance, we see that that opposite is true - namely that the position 
of a particle has physical significance. We further note that the A-Vector Cosmological Field 
modification to the Dirac Equation leads us to a vacuum model redolent but differrent 
from that of Quantum Electrodynamics (QED). This new vacuum model is without virtual 
particles but darkparticles. We dare to make the suggestion that these darkparticles may 
possibly explain the current mystery of what really is darkmatter and darkenergy. 

Keywords: antimatter, asymmetry, cosmological Geld, darkenergy, darkmatter, symmetry, vacuum. 
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"We have found a strange footprint on the shores of the unknown. 
We have devised profound theories, one after another, to account for its origins. 



Sir Arthur S. Eddington (1882 - 1944) 
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I. INTRODUCTION 



Each electronically charged elementary particle has a counter- 
part with the opposite electronic charge which is known as its 
antiparticle (antiparticles are also referred to as antimatter) 
and just like normal particles, antiparticles do combine, form- 
ing atoms of antimatter which some call antiatoms - albeit, 
unlike atoms, these do not live long. Paul Dirac's brilliant 
theory proposed in 1928 predicted the existence of antimat- 
ter (Dirac 1928a, b). It [Dirac's Theory] is one of the most 
successful Theories of Physics. This theory, suggested that 
the Laws of Nature are exactly the same for matter and an- 
timatter; so given this symmetry, the Universe must contain 
matter and antimatter in equal propositions everywhere and 
everytime - that is, across all of spacetime. Unfortunately (or 
maybe fortunately - as will be argued soon), when we look 
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into our immediate vicinity, we see that this is not the case 
- our terrestrial habitate seems to be dominated exclusively 
by matter; so the question "Why is our measurable Universe 
made up chiefly of matter with no significant quantities of an- 
timatter?" has always been hanging in-limbo since Dirac's 
theory was set forth - for a good review of the origins and 
possible solutions to the problem of matter-antimatter asym- 
metry see e.g. Due & Kusenko (2004). 

While we may wonder why the Universe is formed this way, 
viz matter-antimatter imbalance, we must be very thankful that 
the Universe is formed this way, because if it [Universe] did 
really have equal proportions of matter and antimatter uni- 
formly distributed throughout all of space and time, you the 
reader would not be reading this because the Universe would 
be nothing but a hot-bath of radiation because matter and an- 
timatter would annihilate to form radiation. Despite its great 
success. The search for an answer to this great cosmic mys- 
tery - why we are so lucky to have a Universe chiefly made-up 
of matter - is the main theme of the present reading and it 
is important to mention that our adventures to seeking an an- 
swer to this great cosmic mystery will take us to other areas of 



physical enquiry and new discoveries. Though it shall prove 
difficult, we shall try to not veer too much off the main road 
but keep as much as we can to what we want to achieve here. 

It is worthwhile to mention here that the first and probably 
current-best attempt at an answer to this question is that by the 
Russian Physicist, father of the hydrogen bomb and 1975 No- 
bel Peace Prize winner, Andrei Sakharov (1924 - 1987). The 
attempt by Andrei Sakharov (1967) is the widely accepted ex- 
planation as to why there exist this matter-antimatter asymme- 
try - we offer an asymptotically different solution! He [Andrei 
Sakharov] argued, that to create an imbalance between mat- 
ter and antimatter from an initial condition of balance, certain 
conditions must be met and these conditions have come to the 
called the Sakharov conditions and CP '-violation is one of the 
conditions. CP -violation is a violation of the symmetry where 
the Laws of Nature are expected to act the same when we si- 
multaneously interchange the electronic charge (C-symmetry 
known as charge conjugation symmetry) of a particle and in- 
vert the space coordinates P-symmetry (known as parity sym- 
metry). 

Given the need for CP- asymmetric equations in physics, much 
to the dismay of the physicist, the Fundamental Equations 
of Physics, in their bare form, do not exhibit CP-violation 
(or P-violation) and this - sadly and against the desiderata, 
has to be inserted by hand into the equations. For exam- 
ple, in the Standard Model of Particle Physics, the Cabibbo- 
Kobayashi-Maskawa matrix (Cabibbo 1963; Kobayashi & 
Maskawa 1973) is employed and a complex phase factor is ar- 
tificially injected into this matrix to bring about CP-violation 
inorder to explain the observed CP-violation in the Kaon sys- 
tem. CP-violation is observed in Kaons - for a good read on 
the history of the discovery of this see e.g. Lacoste-Julien 
(2003). CP-violation has been observed in B-meson aswell 
(see e.g. Aubert et. al. 2001). Given Sakhorov's thesis, this 
CP-violation (in the B-meson and Kaon system) is thought 
of as holding the key to unlocking the mystery of matter- 
antimatter asymmetry albeit some researchers (e.g. Rodgers 
2001; Sinha 2009) feel it [the observed CP-violation in the 
B-meson and Kaon system] is not enough to explain the ob- 
served matter-antimatter asymmetry. 

In this reading, we make a modification to the Dirac Equation 
by the addition of a 4- Vector Cosmological Field and from 
this, we demonstrate that this modification leads to an equa- 
tion that clearly points to the fact that a stable Universe can 
only have one form of matter; either it is filled with matter or 
antimatter. Further, the emergent Universe from our equations 
is such that if antimatter is to exist in a Universe of matter, 
then, it will not be stable thus it has to decay. 

The possibility of the existence of a cosmological field has 
sound justification and it is inferred from the cosmological 
observations such as the apparent accelerated expansion of 
the Universe and the indication from the rotation curves of 
galaxies that there must exist a form of unseen matter or en- 
ergy. This unseen matter or energy is popularity known as the 
Darkmatter/Darkenergy respectively. If our equations are cor- 
rect, then, this dark matter/energy can be identified with the 



cosmological field (which is better here referred to as a cos- 
mic fluid) and it is seen that this cosmic fluid is a fluid com- 
posed of pure -point particles, that is - particles with no breath, 
height nor length thus are susceptible to be permeable and all- 
pervading. These particles making up the cosmic fluid travel 
at the speed of light. It is also seen that this cosmic fluid acts 
as a barrier forbidding positive energy particles from falling 
into negative energy states. Actually a new vacuum model is 
set forth. 

I would like to say here, that this reading is written with the 
full knowledge of the results of our other readings (Nyam- 
buya 2008a, b) where we have presented, what we believe is 
a viable curved spacetime version of the Dirac Equation. Our 
focus here is the original Dirac Equation which is a subset 
of the proposed Curved Spacetime Dirac Equations (Nyam- 
buya 2008a, b). This has been done for the sole reason that 
we would like to show from the well and universally accepted 
Dirac Equation that matter and antimatter asymmetry can be 
explained on the basis of an all-pervading and permeating 
cosmic fluid (cosmological field). Having shown that matter- 
antimatter asymmetry can be explained on this basis of an all- 
pervading and permeating cosmic fluid, we hope in the very 
near future to use this to further modify the equations pre- 
sented in (Nyambuya 2008a, b). 



II. THE DIRAC EQUATION AND ITS SYMMETRIES 



Without being to assuming, let us, for instructive purposes 
browse through the thesis leading to the Dirac Equation. Sup- 
pose we have a particle of rest-mass »?o and momentum/? and 
energy E, Albert Einstein, from his 1905 Special Theory of 
Relativity (STR) - derived the basic equation: 



r2 2 i 2 4 

t — p C + MqC ■ 



(1) 



This equation formed the basis of the Klein-Gordon Theory 
upon which the Dirac Theory is founded. Using the already 



established canonical quantisation procedures, p 
Klein and Gordon proposed the equation: 



«-(=£)*. 



ihd„ 



(2) 



where n, c are the Planck constant, the speed of light respec- 
tively, an T* a scalar wavefunction while □ = d 2 /c 2 dt 2 - V 2 . 
This equation describes a spin-0 quantum mechanical scalar 
particle and allows for negative probabilities which from a 
physical standpoint are meaningless, and for this reason, Dirac 
was not satisfied with the Klein-Gordon Theory. He noted that 
the Klein-Gordon equation is second order differential equa- 
tion and his suspicion was that the origin of the negative prob- 
ability solutions may have something to do with this very fact. 
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He sought an equation linear in both the time and spatial 
derivatives that would upon "squaring" reproduce the Klein- 
Gordon equation. The equation he found was: 



where: 



ihy^dft - mqc \if/ - 0, 
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-a 1 



(3) 



(4) 



We shall not demonstrate these symmetries but direct the 
reader to Nyambuya (2008a, b) or any good book of Quantum 
Mechanics (QM) that deals with Dirac's Equation. 

Now if we are to add a cosmological field, +Ao (this constant 
has the dimensions of inverse length and we shall assume it 
to be real Ao > 0) to the energy (E) of a particle, and the 
cosmological field will be assumed to be an all-pervading and 
permeating form of energy that fills all of space at everytime 
- we will have to make the transformation E — > & + AqHc 
because this energy will add to the existing energy E. This 
modification, E — > & ± AqHc, leads to equation (1) trans- 
forming to: 



are the 4x4 Dirac gamma matrices (I and are the 2x2 iden- 
tity and null matrices respectively) and ifr is the four compo- 
nent Dirac wave-function, namely: 



fa 

fa 



<D = 



, where : 



X = 



ipo 
fa 

fa 
fa 



(5) 



Throughout this reading - unless otherwise specified, the 
Greek indices will be understood to mean p, v, . . . - 0, 1 , 2 or 3 
and the lower case English alphabet i, j, ... = 1,2 or 3. In (5), 
the first representation of ifr is known as the four component 
representation and the second in which this spinor is written 
in-terms of cD and^-, is the bi-spinor representation. 

The Dirac Equation is perfectly symmetric equation - viz, it 
obeys the following symmetries: 

1 . Obeys C-symmetry . This is symmetry under the inter- 
change of the electronic charge of the particle. 

2. Obeys T- symmetry. This is symmetry under the inter- 
change of the hand of time in the Dirac Equation, that 
is 1 1 — > -t. 

3. Obeys P-symmetry. This is symmetry under the inter- 
change of the space coordinates in the Dirac Equation, 

that is x^ i — > —xf 1 . 

4. Obeys CT-symmetry. This is symmetry under both C 
and T. 

5. Obeys CP-symmetry. This is symmetric under both C 
and P. 

6. Obeys PT-symmetry. This is symmetry under both P 
and T. 

7. Obeys CPT -symmetry. This is symmetry under all the 
operations C, P and T. 

8. Obeys Lorentz invariance. This is symmetry under the 
change of the inertial frame of reference. 



<5 - ±A()tlC : 



$ 



2 c 2 + mic 4 , 



(6) 



hence thus the modification we seek to make to the Dirac 
Equation must, as the Dirac Equation upon "squaring", lead 
us to this equation. For most of the times, we shall consider 
the case +Ao without considering the case -Ao as considering 
one case, is as good as the other has been considered and this 
is because of the symmetric nature of the equations for these 
two cases. 

If as in the Dirac formulation, a particle of negative energy is 
the antiparticle, then according to the (6), it would mean that 
antiparticles and particles must - unlike the Dirac theory, have 
unequal energies hence unequal masses since & + + |fi_| where 
S + and S- are the positive and negative energy solutions of (6) 
respectively. This is clearly contrary to observations. What 
does this mean for the theory we wish to set forth? Is it still- 
born? How would one explain the observed equality in mass 
of particles and antiparticles? We shall address this question 
in the next section. 

For the sake of completeness, we shall veer a little on to the 
side of history. The idea of a cosmological field originally 
dates back to Einstein, albeit Einstein's cosmological field is 
a scaler whereas the present is a four vector. After discovering 
his [Einstein] now famous Law of Gravitation (initially with 
A = 0), namely: 



R,1V ~ ■zRgtlV = KTpy + Agfjy, 



(7) 



where: R^, is the Riemann curvature tensor and R is the con- 
tracted Riemann curvature tensor and: 



1 flY 



QVfjVy + pgfty 



(8) 



is the stress and energy tensor where q is the density of matter, 
p is the pressure and v^ the four velocity, k - 8nG/c 4 is the 
Einstein constant of Gravitation with G being Newton's Uni- 
versal Constant of Gravitation, Einstein added A controver- 
sial scalar cosmological field term (with SI units of m~ 2 ). He 
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did this so as to "stop" the Universe from expanding (Einstein 
1917) and he was motivated to do so because of the strong 
influence from the astronomical wisdom of his day that the 
Universe appeared to be static and thus was assumed to be 
so. Besides, the cosmological field fullfiled Mach's Principle 
(Mach 1893), a principle that had inspired Einstein to search 
for the GTR and thus he thought that the GTR will have this 
naturally embedded in it. Mach's principle forbids the exis- 
tence of a truly empty space and at the sametime supposes 
that the inertia of an object is due to the induction effect(s) of 
the totality of all-matter in the Universe. 

We introduce here the cosmological field for a reason asymp- 
totically different from that of Einstein, namely that we wish 
to explain the asymmetry between matter and antimatter and 
not to "stop" the Universe from expanding. As will be seen - 
in the presence of an ambient electromagnetic field, our intro- 
duction of the cosmological field will induce an asymmetry 
in the time dimension and this asymmetry naturally leads to 
a modified Dirac Equation that violates C-symmetry and also 
the combined charge and time symmetry, i.e CT- symmetry. 



III. CONNECTION BETWEEN ELECTRONIC CHARGE 
& REST-MASS 



As already pointed out, if as in the Dirac formulation, where 
the particle with positive energy £ + is considered to be the 
particle; and the one with negative energy £L is considered 
to be the antiparticle - then, according to the present ideas, 
it would mean that antiparticles and particles must have un- 
equal energies since £+ + |£_| as is, in the case of the Dirac 
Theory. According to the Einstein mass-energy equivalence 
(S = mc 2 ), the masses of particles and antiparticles will not be 
equal too. This is clearly contrary to observations as particles 
and antiparticles have been observed to have equal masses. 

In the reading Nyambuya (2008b), an attempt at this ques- 
tion has been made, where the electronic charge (Q) of a 
fundamental particle has been related to its rest-mass, that is 
mo cc Q ==> mot = eQ where Q is the electronic charge 
of the fundamental particle and e some numerical constant. 
This means if the rest-mass of a particle is +too, its antipar- 
ticle's rest-mass will be -mo, and these will have the same 
energy solution & since the particle's energy will be given by 
£ = KqHc + ~\Jp 2 c 2 + (+mo) 2 c 4 and its antiparticle's energy 
will be £ = AqHc + yjp 2 c 2 + (-too) 2 c 4 which are exactly the 
same hence they will have the same mass. 

This conclusion, that tooc = eQ, was reached after considera- 
tion of the derived curved spacetime Dirac Equation there-in 
Nyambuya (2008/?), where it was required that this derived 
curved spacetime Dirac Equation, remain invariant under the 
reversal of the rest-mass, that is mo i — > -mo. The Dirac Equa- 
tion is symmetric under a reversal of the rest-mass of the par- 
ticle but this symmetry is of little significance in the Dirac 
Theory. In Nyambuya (2008b), we found out that the transfor- 
mation too ' — > _ 'Wo entails the reversal of the particle's elec- 
tromagnetic field and from this we argued that the rest-mass 



must have an intimate connection with the electronic charge 
of the particle. We thus direct the reader to this reading Nyam- 
buya (2008b) for the full argument on this. 

Taking as given that, tooc = eQ, it means we can write equa- 
tion (6) as: 



«5 = ±A hc 



Jp 2 c 2 + e 2 Q 2 



(9) 



It is clear from this equation that under this relationship - 
tooc = eQ, a particle and its antiparticle will have the same 
energy (<5) and hence the same mass (to = S/c 2 ). 

One may want to argue that if the electronic charge of a fun- 
damental particle is related to it's rest mass in the manner sug- 
gested here, then, the magnitude of the Electron and the Pro- 
ton's electronic charge when at "rest" must be equal. But we 
know from the uncertainty principle of QM (Ap ■ Ax ~ ft) that 
for a particle of finite dimensions (Ax) like the Electron and 
Proton, the concept of rest is without meaning since bring- 
ing these particles into a "true state of rest" (Ap - 0) would 
mean the dimensions these particles would have t be infinite 
(Ax - ti/Ap - h/Q = oo). In this way, QM mechanics in- 
forms us that a particle of finite dimensions can not be at rest 
hence thus the thinking that an Electron and a Proton can be 
brought to rest is null and void. It may appear to us to be at 
rest - that is, the Electron and Proton may appear to us to be 
stationed at the same position, but if we had a way to magnify 
this to a magnification of our liking, then according to QM, 
this particle will be seen to be dotting up and down randomly 
meaning to it has momentum hence thus the whole thinking 
of an Electron and/or Proton at rest is obsolete. 

Neglecting the negative energy solution, equation (1) may be 
written E - |tooc 2 |(1 + p 2 /\moc 2 \) 1 ^ 2 and in the case where 
the momentum of the particle is small (as in the above case 
of the Electron and the Proton), that is p 2 «K to^c 2 , to first 
order approximation this reduces to E =* p 2 /2\mo\ + |too|c 2 , 
thus for the Electron and Proton, will have Am - E p - E e = 
(p 2 - /? 2 )/2|too| where E p ,E e ,p p and p e are the Electron and 
Proton's energy and momentum respectively. Hence thus, the 
difference in the Electron and the Proton's mass is a measure 
of the difference in the square of their momentum. 



IV. PARTIAL COSMOLOGICAL DIRAC EQUATION 

There exists two avenues on which to arrive at equation (9). 
We prefare the form (9) than (6) because (9) makes it clear 
where the electronic charge (Q) of the particle fits in explic- 
itly hence it will be easy to investigate its symmetries under 
the intercharge of the particle's electronic charge. Thus from 
here-on, we shall understand that: m^c = eQ, hence thus a 
reversal of the particle's electronic charge is a reversal of the 
particle's rest-mass. 

As will be seen, we shall have to investigate the symmetries of 
the equations that we shall derive here and in the cases where 
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charge reversal symmetry is concerned, we shall have to deal 
with the electromagnetic properties of the particle by revers- 
ing these properties. In Nyambuya (2008a), we derived three 
Dirac Equations for curved spacetime and amongst these is 
the equation: 



UtiY^dfi - m()c\iff - 0, 



(10) 



where: P = -/W and A M is the electromagnetic field of the 
particle (see Nyambuya 2007, 2008a, b). So the question is: 
"Given that rriQC = eQ and that A 11 is the electromagnetic field 
of the particle, and that the Dirac Equation is a special case 
of (10) where \A^\ = 1; what then, is the complete package of 
transformation for the Dirac Equation that comes along with 
the reversal of the particle's electromagnetic properties?" A 
reversal of the particles electromagnetic properties means we 
have to reverse the field A^ 1 and the particles electronic charge 
Q, i.e. A* 1 i — > —A M and the particles electronic charge Q i — > 
-Q. The transformation: A* i— > -A" =>Pm -P<. In flat 
spacetime as in the case of the Dirac Equation, \A M \ = 1 => 
p/j — y What all this means for the Dirac Equation is that, in 
the event that we reverse the electromagnetic properties of the 



particle, the y-matrices will transform: y 



-y 



■'', that is: 



Q 



■Q=*y 



-r, 



(id 



is the complete package of transformation for the Dirac Equa- 
tion that comes along with the reversal of the particle's elec- 
tromagnetic properties. 

Now, we proceed to derive the sort for equation in which the 
Dirac Equation is endowed with a cosmological field in the 
time dimension. We shall consider the two avenues which to 
arrive at equation (9) separately and in the end, put forward a 
reason for rejecting one over the other. 



A. Case I 



Given the Dirac Equation, the transformation: 



and this is partial because the cosmological field is confined 
to the time dimension (x°) and not the space dimensions 
(jc 1 , x 2 , x 3 ) - for this reason, it is only partial in that it does 
not cover all the 4-dimensions of spacetime {x°, x l ,x 2 , x 3 ). 

Unlike the original Dirac Equation, this equation possesses no 
perfect symmetry but: 



1 . Violates C-symmetry. 

2. Obeys T-symmetry. 

3. Obeys P -symmetry. 

4. Violates CT -symmetry. 

5. Violates CP-symmetry. 

6. Obeys PT 'symmetry. 

7. Violates CPT 'symmetry. 

8. Obeys Lorentz invariance. 

We shall demonstrate these symmetries for equation (13) and, 
as a word of caution, we hope the reader does not get de- 
focused from the main theme of this reading, namely that we 
would like to show that the inclusion of a 4-vector cosmo- 
logical field does in principle, explain the existing asymmetry 
between matter and antimatter. Actually, this 4-vector cosmo- 
logical field explains more than the this as will be seen. In 
this exercise, we shall consider the case +Ao and this clearly 
proves the case for -A(>. 

1. C-Symmetry 



To show invariance under charge conjugation (or lack 
thereof), we proceed as usual - by bringing the particle un- 
der the influence of an external electromagnetic magnetic field 
A ex (which is a real function and this is the usual four vector 
electromagnetic potential) which leads to the transformation: 
d M — > D^ = d/j + iA™, hence equation (13) will now be given 
by: 



d d -a 

at — at ± ' AoC ' 



leads us to the modified Dirac Equation, namely: 



(12) 



ikfd^ + Ao^yV = eQ^- 



(13) 



Let us call this the Partial Cosmological Dirac Equation and 
the reason for calling it the "Partial Cosmological" Dirac 
Equation is because this equation, unlike the original Dirac 
Equation - contains a term (Aq) of cosmological significance 



/£/ D^tA + A ^y l V = eQi/f- 



(14) 



Now, if the equation is invariant under charge conjugation, 
then, equation (14) must under a reversal of the external elec- 
tromagnetic field (A" i — > -A" => D^ i — > D* where the 
asterisk represents, as usual, the complex conjugate) and that 
of the particle {Q i — > —Q & y i — > — y - remember 11), 
revert back to the original equation (13) and this after a set 
of transformations of the spinor field tfr. Thus reversal of the 
ambient electromagnetic field and that of the particle leads 
equation (14) to be given by: -ihy D*i// - A /ry ( V = -fQiA- 
Now, to revert back to the original equation, we begin by tak- 
ing the complex conjugate on both sides of this equation, that 
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is: +/&y*D /J i/r* - A hy°*iJ/* - -eQujf*. Further, we multi- 
ply both sides of this equation by y 2 , and we are lead to: 
+iHy 2 y f ""D IA t//* - Aohy 2 y Q *ip* - -eQy 2 ip*, and using the fact 
that: y 2 y - -y M y 2 for fi + 2, and that: y u - y 1 , y 2 * - -y 2 
and: y 3 * = y 3 , we are lead to: -ifty M D lt if/ c +AoHy°i// c = -eQi(/ c 
and multiplying this throughout by -1, we will have: 



iV D ^c - A fryVc = eQiAc, 



(15) 



where: \j/ c - y 2 tff*. To revert back to the original equation 
[which is equation (13)], the sign in the second term on the 
right-handside must be positive and for this to be so, one 
would need a 4 x 4 matrix M such that: My - -y°M and: 
My^ = y^M, and the only matrix satisfying these conditions 
is the null matrix. Clearly, multiplying by a null matrix is 
meaningless hence thus this equation violates C-symmetry . 



-eQi/f. Now, reversing the external electromagnetic field and 
taking the complex conjugate both sides, we are lead to: 
ihy°*d if/* + ny *A e o x tf/ - ihy k *T>^* + A fty°>* = -eQtf/*. 
Multiplying both sides of this equation by y 2 , and then us- 
ing the fact that: y 2 y - -y^y 2 for // + 2 and that: y u — y l , 
y 2 * = -y 2 and y 3 * = y 3 , we obtain: -ihy°d{)tfr c - /jy A"t/r c + 
ihy k D] i tf/ c - Ao/iy c Vc = -eQt^ c , and now multiplying this by 
y°, and using the fact that: y°y k = -y k y {) , we will have: 
-iHy°dQil/ c -hy AQ X ifr c -itiy k D^if/ c -Aofiy ifr c = -eQtfr c , where: 
<A = yW*. Multiplying this throughout by -1, one is lead 
to: ifty°d i// c + fiy Q A e Q x t^ + ;7iy*D k <A c + A /zy Vc = eQiAc- Now, 
for this equation to be the same as equation (13), we would 
need the second term on the left handside to change its sign 
while all other terms retain their signs - there is no opera- 
tion in existence that can do this, hence thus equation (13) 
violates CT -symmetry. 



2. T-Symmetry 

To show invariance (or lack thereof) under time reversal, we 
proceed as usual - by making the transformation: t i — > —t 
(^=> <9o i — > -do) into (13) resulting in this equation re- 
ducing to: -ifrjPdoxj/ + ihy k dk4> + A. ( )ftyV = eQif/ (NB, 
k - 1,2,3). Taking the complex conjugate and then multi- 
plying this equation by y 5 y 2 and using the fact that: y 2 y ii - 
—y^y 2 for // + 2, y 5 y - -yy 5 , y 1 * = y 1 , y 2 * = -y 2 
and y 3 * = y 3 , one is lead to the original equation (13): 
iHyd^c + Ao^y'Vr = e G<Ac where: if/ c = y 5 y 2 tff*, hence 
thus equation (13) is T-symmetric . 



3. P-Symmetry 



To show invariance under space reversal (or lack thereof) , we 
proceed as usual - by making the transformation: x k i — > -x k 
(=> dk i — > -dk) into (13) resulting in this equation reducing 
to: iHy°do4f - itiy k dkif/ + Ao/zy ( V = e Qft- Now to revert back 
to the original equation, we simple multiplying both sides of 
this equation by y 2 and then using the fact that: y 2 y k = —^y 2 , 
one is lead to: ihy°doi[> c + ihy k di < i('c + Aofty°if/ c = eQip c where: 
<Ac = y 2 <A- This equation is the same as (13) hence equation 
(13) is P-symmetric . 



5. CP-Symmetry 



To show invariance under charge conjugation and space rever- 
sal (or lack thereof), we proceed by making the transforma- 
tion: 3^ — > D^, (for the introduction of the electromagnetic 
field), Q i — > -Q&y M i — > -y M (for the reversal of the electro- 
magnetic properties of the particle - remember 11) and x k i — > 
— jc* (=$ dk i — > -dk) (for the reversal of the space coordi- 
nates) into (13), one is lead to: -iHy doi/s+1iy Aoif>-itiy k D^i[/- 
Aofiy iff - -eQtf/. Now, reversing the external electromag- 
netic field and taking the complex conjugate both sides, we are 
lead to: +ihy°d il/-hy A il/+ihy k *D k il/*-A hy *i{t* = -eQ<A*. 
Multiplying both sides of this equation by y 2 , and then using 
the fact that: y 2 y - -y^y 2 for // + 2 and that: y 1 * = y 1 , 



y 2 * = -y 2 and y 3 * = y 3 , we obtain: 



r y = 



7 7 



tain: +ihy°do^c - tiy°Aoif/ c + itiy k D k tff c 
where \j/ c — -y 2 tfr*. Now, for this equation to be the same as 
equation (13), we would need the last term on the left hand- 
side to change its sign while all other terms retain their signs - 
there is no operation in existence that can do this, hence thus 
equation (13) violates CP 'symmetry . 



6. PT-Symmetry 



4. CT-Symmetry 

To show invariance under charge conjugation and time rever- 
sal (or lack thereof), we proceed by making the transforma- 



tion: d„ 



D,, (for the introduction of the external elec- 



tromagnetic field), Q 



-q & r 



-y (for the re- 



versal of the particle's electromagnetic properties - remem- 
ber 11), and t i — > -t (^=> do i — > -do) (for the rever- 
sal of time) into (13) and this results in this equation re- 
ducing to: -ifty°do\]j - hy^A^if/ + ifry k D k if/ + A hy°if/ - 



To show invariance under a combined space and time rever- 
sal (or lack thereof), we proceed by making the transforma- 



tion: 



-rf 



(-- 



d u 



-d M and this is for the re- 



versal of the spacetime coordinates) into (13), we are lead 
to: -iHy^dptfr + Aotiy i[s = eQiff- To revert back to the origi- 
nal equation (13), we take the complex conjugate both-sides 
and then multiply throughout by y°y 2 y 5 , and we are lead to: 
ihydpijjc + Ao/jy'Vc = eQ^c, where i// c - y°y 2 y 5 il/*, hence 
thus equation (13) is PT -symmetry . 
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7. CPT-Symmetry 



To show invariance under a combined charge, space and time 
reversal (or lack thereof), we proceed by making the trans- 



formation: <9„ 



D„ (for the introduction of the external 



electromagnetic field), Q 



■Q&y 



-y (for the re- 



versal of the electromagnetic properties of the particle - re- 



member 11) and xf 



-X" (=> du 



dp and this for 



the reversal of the space and time coordinates) into (13) and 
this leads us to: +itiy fl d fI tfr - ihy^A^ifr - AoftyV = -eQifr. 
Now, reversing the external electromagnetic field, we are lead 
to: ifiy^D^if/ - Aofr/V = -eQiff. Just as in the case of the 
calculation of C-symmetry in $ (IV A 1), to revert back to the 
original equation (13), the sign in the first term on the right- 
handside must be negative so that the new equation would 
read: ihy^D^i//,. + Ao%y°ijr c - fQiAc where i// c = — \j/, and for 
this to be so; one would need a 4 x 4 matrix M such that: 
My - y°M & My - -yM, and the only matrix satisfying 
these conditions is the null matrix hence thus this equation 
violates CPT -symmetry. 



if/'(x') = iff'iTx) = S(F)if,(x) = S(T)i/f(r V) (16) 



where S (F) is a 4x4 matrix which depends only on the relative 
velocities of O and O' and F is the Lorentz transformation 
matrix. S (F) has an inverse if O — > O' and also O' — > O. The 
inverse is: 



<j,(x) = s- l (r)<//(x') = s-\r> t f/(rx) 



(17) 



or we could write: 



Mx) = sci~Vcr*) => s(T~ l ) = s-\r> (is) 

We can now write: [ifiy^d^ - Aotiy - eQ]t//(x) - 0, as: 
[ihydn - A fiy - eQ]S- l {T)i]/'(x') = 0, and multiplying 
this from the left by S(T), we have: S (Dlihydf, - A hy° - 
eQ\S- l (T)\f/'(x') = 0, and hence: 



8. Lorentz Invariance 



To prove Lorentz invariance for (13) (which we shall write as: 
[thy d^,- Aotiy -eQ]iff - 0), two conditions must be satisfied: 

1. Given any two inertial observers O and O' anywhere in 
spacetime, if in the frame O we have [ifty M d M - A^tiy — 
eQMx) = 0, then: [iftf^ - A' () hy Q ' - eQ]iff'(x') = 0, is 
the equation describing the same state but in the frame O'. 

2. Given that t//(x) is the wavefunction as measured by ob- 
server O, there must be a prescription for observer O' to com- 
pute ijj'( x ') from iff(x) and this describes to O' the same phys- 
ical state as that measured by O. 

Now, since the Lorentz transformation are linear, it is to be 
required or expected of the transformations between i[/(x) and 
i[/'(x') to be linear too, that is: 



J 



fiWCrV-S^Cn^ - AonS(r>y S- l (T) - e Q\ ifr'(x') = 0. 

(19) 

Now, the reader must take note of the fact that the cosmologi- 
cal field is a vector quantity and transforms as: 



Ao 



_(dx°'\ 
dx°) 



Ao,. 



(20) 



The reason for this is, that, it is a property of time and thus 
it will have to transforms in the same manner as time does. 
For better clarity: (do + Ao) = (dx ' / dx°)(do + Ao)', and from 
this - equation (20) smoothly flows. Given this, and also that: 
dp = {dx^' 18x^)8^,, and putting all this into (19), we are lead 
to: 



I8yV'\ /8r°'\ 



if/(x') = 0. 



(21) 



Now making the setting: 



Y'' = l^-)s(r)ys-\r), (22) 



equation (21) can now be written as: 



[iny'd'p - A' n y ' - £ q] W) = o, (23) 

hence thus equation (13) is Lorentz invariant thus satisfying 
one of the necessary requirements for this equation to be phys- 
ically meaningful. Now - the question is, does this equation 
have all it takes to have correspondence with physical real- 
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ity? To answer this question, we shall inspect this equation's 
Hamiltonian. 



9. Hamiltonian 

Now that we have investigated the symmetries of equation 
(13), the question is "Does this equation qualify - in prin- 
ciple, to describe physical phenomena?" The answer is yes 
and first and forest; despite it's violation of CPT '-symmetry, 
it is Lorentz invariant and second; because its Hamiltonian, 
namely: 



5. Violates CP-symmetry. 

6. Violates PT- symmetry. 

7. Violates CPT -symmetry. 

8. Obeys Lorentz invariance. 

Using the same methods as shown in §(IVA 1) to §(IV A 8), 
one can demonstrate and verify for themselves that indeed, 
(26) exhibits the above said symmetries. Now the question 
is, what is the relationship of this equation with physical real- 
ity? To answer this question, we shall inspect this equation's 
Hamiltonian. 



<H = -iin— = ihy°y k d k ± A Q hI - eQy°, (24) 

cat 



1. Hamiltonian 



(where / is and hereafter the 4 x4 identity matrix) is hermitian 
(one can easily verify this for themself, hermiticity means: 
< h0 - ( H) means its the energy eigenvalues are real. One 
could argue that this equation be rejected on the grounds that 
it violates a cornerstone theorem of Quantum Field Theory 
(QFT), namely Schwinger-Liider-Pauli theorem also known 
as the CPT theorem (see e.g. Greaves 2007 for a good exposi- 
tion). The Liider-Pauli theorem states that any Lorentz invari- 
ant local QFT with a Hermitian Hamiltonian must possess or 
obey CPT-symmetry. This theorem is derived for a symmetric 
spacetime and not a none-symmetric spacetime as the present 
hence thus it does not apply here. We shall address this issue 
fully in §(VII). 



Clearly - at the very least, equation (26) is in contempt of 
physical reality since its Hamiltonian, namely: 



<H = iTiy°y k d k - iA HI - eQy° 



(27) 



is (as one can verify for themselves) not hermitian thus leads 
to complex energy eigenvalues. Complex energy eigenvalues 
are physically meaningless hence thus this equation ought to 
be rejected outright with the simple remark that "it has no 
bearing with physical reality as we know it." 



B. Case II 



V. THE ARROW OF TIME 



Proceeding to the second case, we make the following trans- 
formation: 



d_ 
dt 



dt 



A c, 



(25) 



and this leads us to: 



ihyd^ift + iA hy°t(t = eQif/. 



(26) 



As one can verify for themself, this equation possesses the 
following symmetries: 

1 . Violates C-symmetry. 

2. Violates T-symmetry. 

3. Obeys P-symmetry. 

4. Violates CT- symmetry. 



Now having gone through the symmetries of equation (13) 
and having chosen this equation and rejected equation (26), 
we come to the question of the arrow of time and the results 
obtained here extend to the equation that we will derive in the 
next section. We note here - that, we have two Universes, 
one described by -Aq and the other by +A ( ). The question 
is, what is the arrow of time in these two Universes? Is it di- 
rected in the forward or in the backward direction? Within the 
provinces of the present theory, this question can be answered 
if we combined the present with one of the basic principles of 
QM - namely that the wavefunction ought to be normalizable. 
To reach this end, we shall solve for the free particle solution 
for equation (13) and inspect these and accept only those so- 
lutions that "behave". Let - as is usual: \p - u p e' p i' xf 'l t \ where: 



u a = 



( <& 



X ) 



, and where : <t> = 



$2 J 



and^ = 



X\ 



Xi ) 



(28) 



At this moment, a very important point to remember is that po 
now contains the cosmological field, the meaning of which 
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is that we must write: po 

u p e ±A ° , ' c 'e' Pf ' J ^ /t '. Now, if the probability density function: 



po + /AqSc, thus: if/ - 



p(f) = 0rty 



l p u p c 



is to be finite as: t 



+00 or t 



-00 (according to the basic principles of QM, this is prerequi- 
site for any wavefunction), it is evidently clear that for the case 
-Ay, this will only be so if: t > [p{t 1 — > 00) 1 — > 0] and for 
the case +Ao, we must have: t < [p{t 1 — > - 00) 1 — » 0]. 
Hence thus, the arrow of time in the two Universes is different 
and moves in opposite directions. 

From the above simple calculation, we conclude that the Uni- 
verse for which: Aq < 0, time moves in the forward direc- 
tion and likewise, the Universe for which: A { > > 0, the ar- 
row of time moves in the backward direction, hence thus we 
have to different Universes. Let these two Universes be 1/ + 
and 11 where 1/ + is the Universe in which time moves for- 
ward (Ao < 0) and likewise, 1J is the Universe in which time 
moves backwards (Ao > 0). This result is independent of the 
the fact that we have here considered a free particle as it will 
hold true for all conditions of experience. 



to the partial derivative of that dimension, thus to have this in 
all the four dimensions we have to perform the transformation: 



df, i — >d[i + Af,, 



(29) 



where: 



A,, = [«o*'Ao,WiAi,o;2A2,W3A3], 



(30) 



and: ca^ — ±1 (to^ is not a four vector but a simple number). 
In this way, i.e. - the addition of the cosmological field in the 
space dimensions, we have endowed the vacuum of space with 
some all-pervading and permeating momentum. This modifi- 
cation (equation 30) automatically leads to the 4-momentum 
transforming: p k — > Pk - pu + aijAjTi, and plucking this into 
(6), one is lead to: 



VI. FULL COSMOLOGICAL DIRAC EQUATION 



Given the unquenchable thirst to generalise Laws of Nature, 
it is most natural to wonder: "Why should the cosmological 
field be confined just to the time dimension alone?" Why not 
the space dimension as-well? To introduce a cosmological 
field into a particular dimension, one simply needs to add this 



J 



8 = aj A () nc + ^V k V k c 2 + e 2 Q 2 c 2 . 



(31) 



Considering the case +Ao, this new energy equation (31) in- 
terestingly has 16+1 = 17 energy solutions! Let these energy 
solutions be: £ ; where j = 1,2,3 ... 16, 17. Explicitly these 
solutions are given: 



£1 
62 
63 
64 
6 5 
6 6 
£7 
S 8 
69 



+A hc + Vt(pi + Aifc) ■ (p 1 + A^ti) + (p 2 + A 2 K) ■ (p 2 + A 2 H) + (p 3 + A 3 H) ■ (p 3 + A^h)]c 2 + e 2 Q 2 c 2 ... (a) 

+A hc + Vt0?i - Aift) • (p 1 - A l h) + (p 2 + A 2 h) ■ (p 2 + A 2 h) + (p 3 + Arfi) ■ (p 3 + A 3 fc)]c 2 + e 2 Q 2 c 2 ... (b) 

+A hc + V[(pi + AlB) ■ (p l + A l H) + (p 2 - A 2 ti) ■ (p 2 - A 2 H) + (p 3 + A 3 H) ■ (p 3 + A 3 fr)]c 2 + e 2 Q 2 c 2 ... (d) 

+A hc + Vt(pi + Aift) ■ (p 1 + A 1 ^) + 0? 2 + A 2 Ti) ■ (p 2 + A 2 H) + (p 3 - A 3 h) ■ (p 3 - A 3 fc)]c 2 + e 2 Q 2 c 2 ... (e) 

+Aohc + VKpi + Aifi) • (p l + A l K) + (p 2 - A 2 h) ■ (p 2 - A 2 K) + (p 3 - A 3 K) ■ (p 3 - A 3 K)]c 2 + e 2 Q 2 c 2 ... (g) (32) 

+A hc + Vt(/?i - A^) • (p l - A l h) + (p 2 + A2I) • (p 2 + A 2 H) + (p 3 - A 3 h) ■ (p 3 - A 3 /0]c 2 + e 2 Q 2 c 2 ... (h) 

+A hc + Vt(pi - Aifi) • (p 1 - A l h) + (p 2 - A 2 h) ■ (p 2 - A 2 K) + {p 3 + A 3 h) ■ {p 3 + A 3 K)]c 2 + e 2 Q 2 c 2 ... (i) 

+A hc + V[(pi - Ail) ■ (P l - A l h) + (p 2 - A 2 Ti) ■ (p 2 - A 2 H) + ( P3 - A 3 H) ■ (p 3 - A 3 ^)]c 2 + e 2 Q 2 c 2 ... Q) 

+AqTic = 6 vac ... (f) 
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and the negative solutions are: 

£10 = +A ftc - VtCpi - AiS) ■ (p 1 - A'ft) + (P2 - A 2 ft) ■ (p 2 - A 2 ft) + (Pi - A 3 ft) ■ (p 3 - A 3 ft)]c 2 + e 2 Q 2 c 2 ... Q) 

£11 = +A ftc- VfXFi - Ai£) ■ (p 1 - A 1 ft) + (p 2 - A 2 ft) ■ (p 2 - A 2 ft) + (p 3 + A 3 ft) • (p 3 + A 3 ft)]c 2 + e 2 g 2 c 2 ... (i) 

£12 = +A ftc- Vt(pi - Ai/0 ■ (p 1 - A 1 ft) + (p 2 + A 2 ft) • (p 2 + A 2 n) + (p 3 - A 3 ft) ■ (p 3 - A 3 ft)]c 2 + e 2 Q 2 c 2 ... (h) 

£13 = +A Hc- Vt(pi + AM ■ (p 1 + A l H) + (p 2 - A 2 ft) ■ (p 2 - A 2 H) + (p 3 - A 3 ft) ■ (p 3 - A 3 ft)]c 2 + e 2 Q 2 c 2 ... (g) 

£14 = +Ao%c- Vt(Pi + AiS) ■ (p 1 + A 1 ft) + (p 2 + A 2 ft) • (p 2 + A 2 ft) + (p 3 - A 3 ft) • (p 3 - A 3 ft)]c 2 + e 2 Q 2 c 2 ... (e) 

£15 = +A Q Hc- Vt(pi + Aifi) • (p 1 + A'ft) + (p 2 - A 2 ft) • (p 2 - A 2 ft) + (p 3 + A 3 ft) • (p 3 + A 3 ft)]c 2 + e 2 Q 2 c 2 ... (d) 

£i 6 = +A ftc- Vt(Pi - Aiffj ■ (p 1 - A 1 ft) + (p 2 + A 2 ft) • (p 2 + A 2 ft) + (p 3 + A 3 ft) • (p 3 + A 3 ft)]c 2 + e 2 Q 2 c 2 ... (b) 

£i 7 = +A ftc- Vt(Pi + Aift) • (p 1 + A 1 ft) + (p 2 + A 2 ft) • (p 2 + A 2 ft) + (p 3 + A 3 ft) • (p 3 + A 3 ft)]c 2 + e 2 Q 2 c 2 ... (a) 
NB: The negative and positive energy solutions are symmetric about vacuum energy level S mc = AqHc. 



(33) 



These energies are such that: £1 > £ 2 > ... > £16 > £17 and 
this is for the setting: p\ < p 2 < p 3 . The order of which p is 
greater than the other does not really matter because one can 
always rearrange these p's in an assending order as has been 
done here and then proceed to calculate the energies as above. 
That said, it is not difficult to see that the spinor field equation 
describing the energy equation (31) is: 



ihydfiifr + ihyAfitf/ - eQij/. 



(34) 



Let us call this equation the Full Cosmological Dirac Equa- 
tion. We say full because all the four dimensions: x° - axis, 

x l - axis, x 2 - axis and x 5 - axis; are endowed with the cos- 
mological vector field. 

This equation has the following properties: 

1 . Violates C- symmetry ■. 

2. Obeys T - symmetry . 

3. Violates P-symmetry. 

4. Violates CT- symmetry. 

5. Violates CP-symmetry. 

6. Violates PT-sytntnetry. 

7. Violates CPT- symmetry. 

8. Obeys Lorentz invariance. 

With the aid of the presentations made in §(IV A 1) down to 
§(IV A 8), one can verify for themself these symmetries, as 
doing so [i.e showing these symmetries] here would be a noth- 
ing but a reproduction of this same exercise albeit with slight 
modifications which are not difficult at all. 



VII. CPT-VIOLATION & A NEW SPACETIME MODEL 



Now we come to the problem of CPT '-violation. The 
Schwinger-Luder-Pauli theorem, which is a corner stone of 
QFT, states that any local Lorentz invariant field theory must 
obey CPT-symmetry. CPT-symmetry is thus considered a per- 
fect Symmetry of Nature, so much such that any theory that 
violates it, is not thought to be correct. Despite the strong 
belief in the preservation of CPT-symmetry, some researchers 
seeking quantum theories of gravity, take CPT '-violation as 
their point of departure (see e.g. Mavromatos). The equations 
derived herein are clearly in violation of this "sacrosanct" 
symmetry. Does this mean our ideas are fundamentally incor- 
rect? The answer to this question is - in our opinion, no! and 
this is because this theorem applies only to a perfectly sym- 
metric spacetime whereas the spacetime on which the present 
theory is built is not a symmetric spacetime. 

To arrive at the Full Cosmological Dirac Equation (34), what 
we have done is to add a constant to the 4-momentum, that 
is: Pfj 1 — > Pfj + Affi - P^. This suggests that the original 
spacetime continuum has - inorder to have the Full Cosmo- 
logical Dirac Equation (34), been modified clandestinely, i.e: 
Xft 1 — > X/j. For a particle of whose relativistic mass denoted 
m and four velocity i^, we know that the four momentum: 

X11 



mx M and in the light of the clandestine modification: 
■* Xft, this implies: P M = mX M - mx^ + A^ft. Further, 
this implies: X^ - x A , + (ft/m) JiA^dr, where t is the proper 
time. Taking ft as an absolute fundamental constant and m as 
having no explicit variation with time, we are left with A /( as 
the only function we can assign a time dependence. 

Given: X^ = x^+ih/m) J(Afi)dT, we propose that the modified 
spacetime continuum (X M ) be related to the ordinary spacetime 
continuum [x M - let us call this spacetime the Classical Space- 
time (CST)] by the relationship: 
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X„(x) = x„ + (p6u.it), 



(35) 



where l p , is a fundamental absolute constant with the dimen- 
sions of length and: 



Mo| > i, 



(36) 



as is the coordinate system of CST x^, hence thus, any Phys- 
ical Laws dependent on the coordinates of this coordinates 
system will be intrinsically and inherently P '-asymmetric. The 
fact that Laws of Nature are T-symmetric on the QST implies: 
5o(xk; t) - 6q{xic; -t), and this means the past is preserved by 
do and is not preserved by 5k- In another way, knowing the 
present value of 5o{xk\ t), means not only can one tell is past 
value but also foretell its future value. This is interesting and 
suggests a more rigorous study of the QST. 



and SfXi) is defined on the x^-axis. What is this new function 
(5^,(0, and what is its role? and why does it have the limits its 
has? We shall give the justification for the limits in §VII A. 

We propose that this function be a 4-vector differentiable 
none-smooth dynamic random function that takes any numer- 
ical value within the set limits as defined in (36). By differen- 
tiable none-smooth we mean it is not continuous at any-point 
but is differentiable at every-point. Such type of functions do 
exist and where first investigated by the German mathemati- 
cian Johan P. G. L. Dirichlet (1805-1859). We shall here refer 
to these functions as Dirichlet Type Functions (DTF). Because 
the present Dirichlet function has to be random and dynamic, 
let us call it the Dynamic Random Dirichlet Function (DRDF) 
and let the spacetime on which it is defined be simple called 
Quantum Spacetime (QST) because it has the desired features 
of QST, namely: 



1 . This spacetime possesses randomness - randomness is 
an intrinsic feature of QM. Potentially and very much 
likely, this randomness may explain the bewildering and 
mysterious randomness we see in QM. 

2. This spacetime, is not itself quantized but it literally 
quantizes the CST where it is derived. It quantizes the 
CST such that any-two points (no matter how close to 
each other they may be) on the CST when transformed 
or cast onto the QST, they will never be closer than the 
separation ( p on the space- axis and t p on the time axis 
on the QST. 

This function - the DTF, is what makes the QST to be in- 
trinsically and inherently P-asymmetric and this is because 
the DTF is itself not spatially symmetric, that is to say: 
dk(-Xk', + 6k(.+Xk\ t) nor Sk(-Xkl t) + -6k(+Xk\ t) and this 
implies: Xk(-Xk) + -Xk(xk). If: Xk{-Xk) = -Xk{xk), then the 
QST would result in P-symmetric laws on this spacetime. 

Said in another manner, in the ordinary 3-space, the mirror 
image of the point Xk is -Xk, these points, x* and — Xk when 
cast onto the QST do not transform into mirror images of each 
other on the QST because the DTF dk(xk, i), is for every mo- 
ment in time, unique for every-point. If they where mirror 
images of each other then: Xk(-Xk) = —Xk(xk) and as already 
argued, the nature of: 6kixk\ t) makes this to not hold. 

All said and done, the Luder-Pauli CPT theorem does not hold 
in the present case as this has been derived on the CST con- 
tinuum. The coordinate system of the QST is not symmetric 



A. Upper Space and Time Limits 

In this part of the reading, we establish lower space and time 
limits on spacetime. To achieve this, we use the simple and 
well accepted Law of Nature that the speed of light, c, is an 
upper absolute speed limit for all material bodies and energy 
in the Universe. Considering the case of motion in one dimen- 
sion say along the x—axis, if a particle happens to be at a point 
xi, at time t\, and at a later time tj > t\, this particle is located 
at X2, we know that the speed V of this particle is given: 



Ax 
Af 


= 


x 2 - X\ 


tl-h 






(37) 



It is clear from the above that if there exists no limits on 
the intervals: Ax = xo - X\ and Af = tz — h, that particle's 
speed will range from zero to infinity. That is, for any finite 
duration: At > 0, for which: Ax = X2 — x\ - 0, we will 
have V — and for any finite separation: Ax > 0, for which 
At — ?2 - h - 0, we will have V — oo, hence: < V < co. So 
far, so good, no problem - lets proceed! 

If we set a minimum time interval, say t p , such that for all 
ti > h, At > t p , where t p , is smallest possible interval of time; 
then, for any space interval: Ax = x% — X\, there will exist a 
maximum speed for that particular space interval, let us write 
this as V max (x2, xi), and this will be given: 



V max (x 2 ,xi) 



|x 2 -xi| 



(38) 



Additionally, if there exists a minimum distance that any two 
points can ever come closest; that is, the points X2, and xi, can 
be brought closer together up until a certain minimum, call 
this minimum € p , then, we can talk of an absolute maximum 
speed, Vamax, between any two-points of space. This absolute 
maximum speed, call it c, is, unlike V max (x2, xi), independent 
of the coordinates hence thus for any object moving in such a 
spacetime endowed with space limits: 



V<c= — . 



(39) 
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Any abject that travels at this speed c is basically traveling the 
minimum possible distance in the least possible time duration 
or it travels an integral multiple (nl p : n - 1,2,3...) of this 
distance in an integral multiple time of the least time (nt p : 
n - 1,2,3...). From the above thesis, what this means is that 
spacetime must have space and time limits if it is to have a 
universal and absolute maximum speed; that is, for any two 
points X2, and xi, and any two-points on the time - axis fe > 
and t\, the following must hold: X2 — X\> 6 P , and t2 — t\ > t p . 
From this, the justification of the limits placed on the function 
S p (t) [see (36)] follows smoothly. 

The above simple reasoning that has lead us to conclude the 
implied existence of a minimum length and time has a deeper 
meaning for it tells us that the STR implies a minimum pos- 
sible time and a minimum possible length! The meaning is 
deep given the efforts by Giovanni Amelino-Camelia (2002) 
who has proposed a theory - known as the the Doubly Spe- 
cial Relativity (DSR), that seeks to extend the STR. This the- 
ory's hope (should it be confirmed by experiments) is to super- 
sede the STR. The DSR proposes a new observer-independent 
scale-length. Giovanni Amelino-Camelia proposed this new 
observer-independent scale-length completely unaware of the 
fact just presented that the STR implies a minimum length. As 
discussed below, he [Giovanni Amelino-Camelia] did this [to 
propose the existence of minimum length] to solve a problem 
to do with the Quantum Gravity (QG) regime. 

Basing their arguments on logical intuition and known Laws 
of Physics - democratically, researchers in the field of QG 
do agree that at a special scale-length known as the Planck 
scale-legnth, l p \ a full theory of QG is needed to describe 
the physics at this scale. However - according to the STR, 
different observers (depending on their state of motion) will 
measure different lengths, thus they will (may) not agree on 
whether or not a particle has reached its Planck length. This 
presents a "puzzle/paradox" for the STR. If they agreed on 
the Planck scale, then their motions must be similar. If their 
motions are dissimilar and they agreed on the Planck scale, 
it would mean the Laws of Physics must be different for dif- 
ferent observers. This goes against the very foundations of 
the STR - clearly, this is unacceptable! To solve this, Gio- 
vanni Amelino-Camelia proposed his DSR theory which has 
been welcome by a significant number of researchers (see e.g. 
Kowalski-Glikman 2003; Magueijo & Smolin 2002a, b). 

Now, given that we have shown that the STR implies a mini- 
mum length, this clearly puts the effort of Giovanni Amelino- 
Camelia into question. Actually, this renders the DSR as an 
unnecessary effort as it tries to address something already im- 
plied by the STR. 

In closing this section, we need to mention that beginning in 
the third paragraph from the preceding, we have digressed 
from the main theme of this section, so - to keep the reader 
on track, we shall remind ourself that all we wanted to do 
has been to show that the existence of an upper cosmic speed 
limit implies the existence of a minimum length and a mini- 
mum time interval. With this reminder, we proceed to the next 
section where we hint at the uncertainty principle of QM. 



B. Spacetime Fluctuations/Uncertainty 

An important point to take note of is that, for a point Xk on the 
CST, we are 100% sure where to locate this point, we simple 
go directly to the point Xk and find it there - this is not true 
for the QST because 5k(t) is random and dynamic function 
- no one and absolutely no one knows what its value at any 
given time will be. Given the quantum mechanical uncertainty 
principle and its intrinsic random nature, could it be that the 
QST setforth here, could be the answer to randomness and 
the probabilistic nature of QM? We see here that the point 
x p when cast onto the QST - X^, it will be uncertain by a 
minimum limit of ( p - that is to say, this point is cast randomly 
on the QST. The Laws of Nature must be written on the QST 
and not on the CST. From this, it is clear that there will be an 
uncertainty (Ax p ) in the point jc„, and this uncertainty: 



A*„ > e p S M (f). 



(40) 



The deeper meaning of what this means is that any-point on 
the CST - x M , can be cast anywhere on the QST - X p , expect 
inside a small hyper- volume sphere of radius % p - l p on the 
QST. This is very interesting and the meaning of it - I should 
admit, is beyond me at present. I would like to set this as an 
area for further research. 



C. Energy-Momentum Fluctuations/Uncertainty 



Taking the time derivative of the coordinates of the QST, 
we have: X p (x) - x p + t p 6 p (x), and this implies: V p - 
p^ + m( p 8 M (x) where m is the mass of the particle whose mo- 
mentum is V^, and comparing this with: V^ - p M + A^H, this 
means: m£ p 5 p (x) = A p H, hence thus the 4-vector cosmologi- 
cal field can be written: 



A,= 



ml, 



SM 



(41) 



hence thus the field: A^ = A p (t), will have the properties 
of the field 5 p {t), the meaning of which is that A^, will be a 
random-dynamic field since 5 p (t), is a random and dynamic 
field. This means the fluctuation of the energy of the particle 
will be A& p - A p H. We are not going to determine here the 
limits of the fluctuation in the energy as this will require us to 
go deeper into the nature of the QST - we shall reverse this 
for a separate reading. 



VIII. C-VIOLATION: POSSIBLE REASON FOR 
MATTER-ANTIMATTER ASYMMETRY 



In the Dirac Theory, antiparticles are negative energy parti- 
cles which travel back in time and these have the opposite 
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electronic charge of their particle counterpart. In this the- 
ory [Dirac], the Dirac Equation is symmetric under electronic 
charge conjugation. What this means is that the same law, or 
more clearly, the same equation that governs particles governs 
an tip articles. In the present theory, we see that C-symmetry is 
violated, the meaning of which is that particles are not gov- 
erned by the same equation that governs particles and vis- 
versa. 

In this case where particles and antiparticles are governed by 
different laws, if these laws are defined on the same space- 
time continuum, then, nothing stops particles and antiparticles 
from existing in the same spacetime continuum. In this kind 
of set-up, we would expect to observe particles and antipar- 
ticles in equal proportions in the same region of space at all 
times. If - as in the present set-up, these laws are defined on 
separate spacetime continuums (one in which Ao > and the 
other in which Ao < 0: we have advanced this in §V), then, 
matter and antimatter will exist in separate regions of space at 
altimes. Simple - there will exist an apparent asymmetry in 
the distribution of matter and antimatter. 

It must be clear that for any spacetime continuum, the corre- 
sponding cosmological field along a given axis can only either 
be positive or negative and never both - remember the cosmo- 
logical field can either be positive or negative along each of 
the axis - see equation (30). For example, in the case of the 
time component of the cosmological field, either Ao > or 
Ao < and never can we have both fields in the same re- 
gion of the spacetime continuum - it is just plain meaningless 
because they could cancel each other rendering its inclusion 
purposeless. So, what this means is that we are going to have 
two physically separate spacetime continuums, one in which 
Ao > and the other in which, Ao < 0. 



shall have to be sub-divided into 8 different sections since we 
have 3 axis and along each of these we have two choices for 
Aj - that is, either A^ > or At < 0. The the laws of per- 
mutations and combination dictate that we must have 8 differ- 
ent combinations and this is shown in table (I). In this table, 
column 1 gives the section or sector of space and columns 
2, 3,4 gives the corresponding sign of the cosmological field 
along the x,y, and z - axis and columns 5,6,7 list the seg- 
ment on which a given point falls on this space continuum and 
lastly, columns 9, 10 give the energy of the particles that will 
be found in that sector of space. We shall explain in §(XI), 
why these particles fall in that space segment we have placed 
them. 



Eight Segment Sectioning of the 3D Space 



[z>ft (<S>0^A>0)| 



| |[.»>(U£>0s>A>0)]| | 



||><Ct (g<0=>A<0)]| 



||[y>q,(g>0=»A>0)]|| 




x>H (<?>0^>A>0)] 



[z<C5 (<5<0^>A<0)] 



Hence thus, it must be clear from this that the 
inclusion of the cosmological held in the time 
dimension leads to an explanation of why mat- 
ter and antimatter will not be seen to exist in 
the same region of spacetime. 



FIG. 1: A schematic diagram illustrating the 8-segment section- 
ing of the of the 3D space. For the case Ao > 0, this entire 
3D-space will be filled at each and every-point with the cos- 
mological field A > 0, and likewise for the case A < 0, this 
entire 3D-space will be filled at each and every-point with the 
cosmological field A < 0. 



TABLE I: Signature of the New Spacetime 



A*— > 


(a»1 ti>2 <^3 


Space Coordinates 


Particle Energy 

S>0 £<0 


Region 1 
Region 2 
Region 3 
Region 4 
Region 5 
Region 6 
Region 7 
Region 8 


1 + 1 1 1 + 1 + 

1 1 + 1 + 1 + + 
1 1 1 + 1 + + + 


(x > 0, y > 0, z > 0) 
(x < 0, y > 0, z > 0) 
(x > 0, y < 0, z > 0) 
(x > 0, y > 0, z < 0) 
(x < 0, y < 0, z > 0) 
(x < 0, y > 0, z < 0) 
(x > 0, y < 0, z < 0) 
(x < 0, y < 0, z < 0) 


(fii.lfinl) (-£i,£n) 
(£ 2 ,|£ 16 |) (-£ 2 ,£i 6 ) 
(£ 3 ,|£ 15 |) (-£3,615) 
(£ 4 ,|£ 14 |) (-£ 4 , £14) 
(£ 5 ,|£ 13 |) (-£5,613) 
(£ 6 ,|£ 12 |) (-66,612) 
(67,|6u|) (-£7, £11) 
(6 8 ,|6iol) (-68,610) 



Further, this fact that the corresponding cosmological field 
along a given axis can only either be positive or negative and 
never both implies that each of these spacetime continuums 



The "picture" of the structure of emergent space is shown in 
figure (1). This picture illustrates the 8-segment sectioning 
of the of the 3D space. Each axis is endowed with the cor- 
responding field 5k and we have choose the sign of this field 
to be the same as the sign on the corresponding coordinate. 
If, we consider here only positive energy particles, then, in 
each of the regions, we would expect two particles of differ- 
ent masses, much like what we see with the Electron and the 
Muon. The masses of these particles for the different regions 
will be different. We will not go any further in this subject 
of the particles to be found in the different regions of the 8- 
segment space but leave this for a fresh reading. All we hope 
is that the reader does see the potency and the hidden veracity 
to be found in the ideas propagated herein. 
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IX. DARKMATTER AND DARKENERGY 



The subject of Darkmatter and Darkenergy is a hot topic of 
intense theoretical and experimental research (see e.g. Sofua 
1997; Sofua et al. 1997; Sofua et al. 1997). We find that 
our search - for a solution to the problem of why the Uni- 
verse appears to be composed of matter with no significant 
quantities of antimatter, has unexpectedly, lead us also to the 
problem of darkmatter and darkenergy. The presence of dark- 
matter/darkenergy first come to light in 1933 when the Swiss 
astronomer Fritz Zwicky conducted observations of galaxies 
in the Coma Cluster - the massive cluster of galaxies closest 
to the Milkway Galaxy - where he was able to convincingly 
demonstrate that, given their masses, these galaxies where 
moving unexpectedly fast relative to one another - so much 
that, they should have escaped their gravitational influence - 
but, for some strange and unknown reason, they had not done 
so. This presented a puzzle because Newtonian gravitation 
theory does not agree with this. 

There are two possible solutions to this puzzle: either the stars 
that we observe are merely a tracer (about 1 %) of the total 
amount of matter in the cluster and the rest is in the form of 
some kind of exotic "dark" matter; or gravity is much stronger 
on million light-year scales than the expected Newtonian r~ 2 
force law. However, neither Zwicky's observations nor those 
made in the intervening years have allowed researchers to dis- 
tinguish conclusively between these solutions. Actually, the 
presence of darkmatter/darkenergy is so wide spread through 
the cosmos so much that something is missing in our under- 
standing of the Laws of Nature. 

As to the question of what this darkmatter/darkenergy is, there 
exists a plethora of ideas. Our ideas join in the ranks and file 
of these ideas - all in the effort to finding answers to this great 
cosmic mystery. It should be said here that we find no reason 
to discuss the other ideas that have been proposed because we 
believe the present ideas stand on their own. 

We have already suggested that the vacuum can be assigned 
an energy & vac = Ao/zc. Within the framework of equation 
(34), this energy assignment corresponds to the momentum 
solution: 



r k P k c 2 + e 2 Q 2 c 2 = 0, 



(42) 



and - further, this corresponds to a wavefunction (i//d) for a 
particle that satisfies the following wave equation with decou- 
pled energy and momentum fields: 



ihy°d il>D + itty A i// D = ... (a) 
ihy k dk^D + iny k A k iff D = eQ\p D ... (b) 



(43) 



It is not difficult for one to see that equation (42) implies that 
the particle's momentum will be imaginary! This momentum 



is given: p k = -wjAfcft + ieQc/ V3. We know from the STR 
that a particle with imaginary momentum will have to travel 
at speeds greater than the speed of light. These particles, that 
travel faster than the speed of light are known as Tachyons and 
are at present nothing but hypothetical particles born out of a 
deep theoretical curiocity; they [Tachyons] have never been 
directly or indirectly observed. Discarding Tachyons as mere 
unphysical means we have to consider neutral particles, i.e. 
Q - in which case the particle ij/d will have real momentum. 
Thus this particle - iffp, moves at the speed of light and has no 
electronic charge (rest-mass). We would like to think of this 
particle - if/p, as a darkparticle. 

The reason for suggesting that the particle i/^, be a darkpar- 
ticle is a simple one. This particle's four momentum, which 
is given by p M - K^fi, coinsides with 4-vector cosmological 
field that we have just added. We added this 4-vector cos- 
mological field with the hope that it will be a property of the 
vacuum. Now, we realize that this 4-vector cosmological field 
describes a particle. This particle - as the vacuum, must be 
all-pervading and permeating, thus it must be elusive and its 
physical presence most certainly will be observed via the ef- 
fects of its energy and momentum field. The 4-vector cosmo- 
logical field is a well behaved random field and this property 
(of randomness) fits well in describing random fluctuations of 
the vacuum. This descriptions, leads one to the idea that this 
particle must be a darkparticle. 

Proposal: This description above ofij/o - in our view or opin- 
ion, suits the description of a darkparticle - hence thus, we 
propose that the dark-energy-momentum that is thought to till 
all of space, is comprised of this particle. 

The inclusion of darkmatter and darkenergy has implications 
on the way gravitation works. In a seperate reading whose 
work is currently underway, we shall address this problem. 
For now, we hope the reader will be content with what we 
have presented. 



X. A NEW MODEL OF THE VACUUM 



In 1930, two years after he proposed his relativistic wave 
equation, Dirac had to face head-on the inevitable fate of the 
Dirac Electron foretold by his theory. The intrinsic and in- 
herent spacetime symmetries embodied in the usual mundane 
CST on which the STR is built that extend to Dirac's The- 
ory, meant negative energies would exist and these extended 
downwards with no limits in a sort of mirror image of the pos- 
itive energy levels. As aforementioned - in the formulation of 
his theory, these negative energies, is what Dirac had hoped 
to deracinate. He thought, the negative probabilities exhibited 
by the Klein-Gordon theory is what lead to the negative en- 
ergies, thus he reasoned that eliminating these, would in one 
full-swap, eliminate the negative energies - he was wrong! 
Much to his own chagrin and that of others, the negative ener- 
gies reared their head in the new Theory of Dirac, thus bewil- 
dering any effort to reed ourself of them. 
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As is now bona-fide knowledge, what the negative energies of 
the Dirac Electron really meant is that the usual ground state 
of say the Hydrogen atom, is not really the true ground state 
at all but has a bottomless pit of negative states. If this where 
the case, the Electron would have to fall eon to the bottom of 
the bottomless pit and in the process endlessly emit energy. 
This could mean the Electron in the Hydrogen atom must be 
a source of new matter and energy as it could create more and 
more energy as it journeys forever down to the bottom of the 
baseless pit. Seen from the other side of the veil, this in actual 
fact meant that matter should be inherently unstable. By any 
stitch of imagination, this is a fact not supported by observa- 
tions thus Dirac had no choice but to face this problem head- 
on. To solve this problem, Dirac had to redefine the vacuum 
otherwise nothing of the beautiful equation he had discovered 
could remain as it could have been found in serious contempt 



J 



of physical and natural reality! 



At the time Dirac had to redefine the vacuum, it was thought 
and taken as a self-evident, most logical and rational truth be- 
yond question that the vacuum contained complete nothing- 
ness - thus, this effort by Dirac to give the vacuum physi- 
cal properties was nothing short of a revolution in thinking. 
He defined the vacuum to consist of unfilled positive and 
filled negative energy states of the Electron. According to 
the Pauli exclusion principle, an Electron would be prevented 
from making a downward transition if all the negative energy 
states are occupied hence thus, the positive energy Electron 
where spared their dooms fate - that of falling into the end- 
less pit of negative energies. The "picture" of this vacuum 
model is shown in figure (2) (a). 
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FIG. 2: (a) Dirac's model of the vacuum with a sea of negative energy electrons occupying all the negative energy states and (b) The 
proposed new model of the vacuum with unfilled negative energy states and having a finite energy composed of pairs of tachyons. 
These pairs of tachyons have opposite electronic charges thus the vacuum has net zero electronic charge and at the same time, its 
energy is finite. These tachyon are in a constant state of annihilation and creation. 



r 



The only problem with the Dirac vacuum (also known as the 
Dirac sea) is that it must have an infinite negative energy and 
infinite electronic charge! As to why we do not "see" the 
infinite electronic charge and energy of this vacuum, Dirac 
proposed that this would have to be invisible and beyond the 
realm of measurement. Although this model of the vacuum 
has great predictive powers, in that the existence of antiparti- 
cle is implied and also some of the predictions of QED that 
have given it widespread acceptance as one of the best theo- 
ries we have, it has some problems. Actually, the vacuum of 



QED is different from that of Dirac but retains some features 
of the Dirac vacuum. 

The vacuum of QED contains what is known as the zero- 
point energy, which is a finite intrinsic minimum none-zero 
energy contained in the vacuum. This energy continuously 
transforms some of its energy into mass causing the emer- 
gence of random appearance and disappearance of electron- 
ically charged particle(s)-antiparticle(s) pairs and these are 
known as virtual particles. The virtual particles can not be 
observed in real life just as the Dirac vacuum. 
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We do not object but say - yes, the Dirac vacuum, has had 
much success, but despite this - true is that, the idea of the 
Dirac vacuum [viz, its infinite electronic charge and energy 
together with the fact that this (charge and energy) must be 
unmeasurable and invisible] tends not to strike the layman as 
well as the esoteric, as very elegant. Another problem is; why 
should the negative energy Electron be invisible and unmea- 
surable? As long as this electronic charge is unmeasurable, it 
is permanently safe as an idea since it can not be refuted! This 
serious desiderata goes against the true and noble spirit of sci- 
ence, since science concerns its self with physical phenomena 
that can be measured and falsified and anything beyond the 
realm of measurement and falsification is beyond the realm of 
science as-well, it is something else not science. 

I will say nothing further, viz the Dirac vacuum, lest I may 
appear to be discrediting this vacuum in the hope of replac- 
ing it with a new one - no! I am simple stating the natural 
mystification one feels derived from this fact of unmeasurable 
and invisible Dirac charge and energy. I shall leave the Dirac 
vacuum here and proceed to give the emergent vacuum model 
from the present theory. 

In complete harmony and resonance with the idea of the QED 
vacuum model where we have a zero-point energy, the mod- 
ification we have made to the Dirac Equation enables us to 
assign a vacuum energy, that is: S vnc — £9 — AqHc. Already 
pointed in the closing part of the last section, the particle with 
this energy solution is a darkparticle. Unlike the QED vac- 
uum, these darkparticles are not virtual but real. These dark- 
particles act a seal to prevent positive energy particles from 
falling into the negative energy state. To see this, suppose we 
have an Electron in the energy state: Sj > S vac : j = 1,2, ..., 8 
and this Electron is to make a downward transition to a neg- 
ative energy state, it would have first to make a transition 
to the vacuum energy state & vac . Now here is the catch. 
For any particle of finite rest-mass to make the transition: 
&j — > S vac '■ j - 1,2, ..., 8, it would have to travel at the 
speed of light. As we already know from the STR, a material 
particle of finite rest-mass, first moving at sub-luminal speeds 
is forbidden from passing the light-speed barrier because this 
would require an infinite amount of energy! Thus the transi- 
tion: Sj — > S vac : j - 1,2, ..., 8, is impossible hence thus, 
particles will be forbidden by the light-speed barrier from en- 
tering the negative energy states! 

A second and much stronger reason is that, if say by shear 
chance, the Electron manages to get this infinite energy and 
reaches the light-speed, it would have - against the Law of 
Conservation of electronic charge; to lose its electronic charge 
because the vacuum state is only occupied by particles whose 
electronic charge is zero (or zero rest-mass). Accepting the 
above thesis, means within the framework of the present ideas, 
we have solved the problem of why positive energies will be 
forbidden from making a transition to negative energy states 
and also how the negative energy states of the vacuum can 
stay permanently empty without any problem whatsoever. 

The light-speed barrier, v < c, and the conservation of elec- 
tronic change save the day, as the dilemma faced by Dirac is 



not anymore present - thanks to these two Physical Laws. We 
can now have empty negative energy states and these can not 
be occupied because having just one negative energy state oc- 
cupied will mean this Electron will have to suffer the fate as 
the Dirac Electron and fall eon to the bottom of the bottom- 
less pitch of the negative energy well and inthe process creat- 
ing energy endlessly. With the negative energy states empty 
and the vacuum filled by the darkparticles - in my modest 
opinion, we have the perfect vacuum! The picture of this vac- 
uum model is shown in figure (2) (b) and this [vacuum] needs 
no infinite energy and it needs no infinite electronic charge 
but simple has the light speed barrier and the conservation of 
electronic charge to take care of the troubles that bedeviled 
Dirac. 



XI. T-SYMMETRY 



The fact that the Full Cosmological Dirac Equation 
(34) is T-symmetric, means that we can flip the posi- 
tive and negative energy solutions about the vacuum en- 
ergy: £,, flc = AqHc, that is to say, the energy so- 
lutions: & l ,&2,&3....,&),&io,&u,&i2, — >£i7, lead after: 
t i — > -( or £ i — > -£, to the energy solutions: 
|£nl> |£i6l> |£i5l----,£9,£8, -£7, -£>6, ■•■> -fit where the opera- 
tor |[]| is the usual absolute operator which gives the absolute 
value of the quantity inside the operator []. From a symmetry 
view-point, the latter set of energy solutions is obtained after 
a flipping of these energies about the vacuum energy. 

This means doublets emerging from equation (34) will 
have energies: (fiijfinl), (£ 2 , |£i6l), (£3, |£isl), (£4, Ifiul), 
(£5, |£i 3 |), (£ 6 , Ifinl), (£7. |£nl) and (£ 8 ,|£iol), these can be 
generalized as (Sj, |£i8_,j) and for the negative energies, we 
will have (— £y,£ig_j). As has been be argued in §(X) above, 
each of the different Universe, It and 1A are filled exclu- 
sively with positive and negative energy particles respectively. 
These particles will belong to the different section of the two 
Universes t( + and 11 and this is shown in the forth block of 
table (I). 

In each of the regions of spacetime, a particle must have its 
other doublet pair which is not the same mass as its self but 
has all other properties the same. This brings to mind the 
Electron and Muon which appear similar in all aspects except 
their mass. We simple want to point this out that the present 
theory contains such interesting information and that the time 
to delve into a full throttle on this is not now as this is better 
done in further readings that expand on the present. 



XII. DISCUSSION AND CONCLUSIONS 



If the reader has gone through this reading up-until the present 
point, I sincerely believe they [the reader] will agree with me 
if I say that the intent of this reading - to address the mat- 
ter/antimatter asymmetry has been dwarfed, or pretty much 
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appears much less significant when compared to what we have 
actually discovered along the way. The initial intent was a 
rather modest ambition - to use the inclusion of the cosmolog- 
ical field in the time operator to explain the apparent asymme- 
try as to why the Universe seems to be predominately com- 
posed of matter instead of equal portions of matter and an- 
timatter as predicted by the Dirac Equation. Along the way 
on the voyage, we found that; (1) we had to propose a new 
model of spacetime that has the potency to explain the quan- 
tum mechanical uncertainty and randomness; (2) we had to 
setforth a new model of the vacuum radically different from 
that of Dirac; (3) the modified Dirac Equation allows for the 
existence of a spectrum of eight particles with unique masses 
and these reside in pair in the 8-different segments of space as 
layed-out in section §(VIII); (4) the predicted vacuum by the 
present theory is that composed of all-pervading and permeat- 
ing particles and these particles may explain why they appear 
to be darkmatter and darkenergy in the Universe. 

Further, allow me to say that, given the aforesaid and if cor- 
rect, and the present theory is anything to go by, that it cor- 
responds to natural reality, then, the modification made here 
to the Dirac Equation is so simple and trivial yet very deep. I 
should say, in my perusal through the literature that I have so 
far been able to lay my hands, I have not come across a mod- 
ification of this kind. Concurrently, I have not come across 
an approach where the inclusion of a cosmological 4-vector 
field in the spacetime operator (as has been done here) is used 
to probe space and time asymmetries/symmetries. It may so 
happen that someone already has done this kind of work given 
its simplicity and trivial nature. If this is the case, I wonder 
why for example it is considered a big mystery that the Uni- 
verse appears to be made up chiefly of matter and that the best 
explanation we have of this are the ideas laid down by An- 
drei Sakharov in 1967 where Nature must adhere to a strict 
prescription inorder to explain this mystery. 

One may ask: If Andrei Sakharov had in 1967 set condi- 
tions to explain the apparent matter/antimatter asymmetry - 
why the present work to champion the same endeavor? We 
feel that these conditions are far too many (four) and that if a 
simpler solution can be found, then it must be found and set 
into motion as a contender to prevailing wisdom. On another 
level , there is a general feeling amongst a good number of 
researchers that the currently measured CP '-violations fall far 
too short to explain this apparent matter/antimatter asymme- 
try (see e.g. Rodger 2001; Sinha 2009). Because of the said 
reasons and others not mentioned here, I felt it was time we 
seek alternative ideas - hence the present. 

Clearly, the bedrock or the very foundations of our new the- 
ory rest entirely on the modification we have made to the CST 
which has been to transform it into a new spacetime endowed 
with a 4-vector cosmological field and we have called this new 
spacetime - the QST. This 4-vector cosmological field has the 
property of pure randomness (unpredictability). In this QST, 
it is not possible to know exactly where a particular point from 
the CST will be located upon a transformation to the the QST 
as this attribute is random - thanks to the function S M (]t). The 
QST clearly defies the sacrosanct CPT theorem of Liider, Bell 



and Pauli, that every Lorentz invariant theory must observe 
CPT -symmetry. Clearly and without any doubt, the derived 
Cosmological Dirac equation is Lorentz invariant yet it vio- 
lates this sacrosanct CPT theorem. Not only is this equation 
in violation of CPT, it is in violation of all the symmetries 
with the exception of the T-symmetry. 

The new vacuum model setforth in this reading is radically 
different from that setforth by Dirac in that a particle's nega- 
tive energy levels -just as the positive energy levels, need not 
be filled. The vacuum has an energy level & - KqTic (con- 
stituting of electrically neutral darkparticles that travel at the 
speed of light) and this energy level acts as a barrier that can 
prevents positive energy particles from falling into the nega- 
tive energy well and vice-versa. If a positive energy particle 
where to make a transition to a negative energy state, it will 
need to first enter in this darkparticle meaning to say it must 
at somepoint travel at the speed of light. From the STR, we 
know that particles traveling at sub-luminal speed will need 
an infinite amount of energy to be propelled to the light-speed 

- the meaning of which is that it must be impossible for a par- 
ticle to be propelled to light-speeds hence thus, in this way, 
the light speed barrier plays an very important role in the sta- 
bilizing the vacuum. 

We also saw that these darkparticles can actually carry some 
electrical charge but for this to be so, they will have to travel at 
superluminal speed. It may well be possible that these charged 
darkparticles may be real. For no other reason except that we 
wanted to keep the matters as simple as one can, we choose to 
discard these and this may not be the correct thing to do. 

Furthermore, we saw that excluding the vacuum particles, the 
modified Dirac Equation predicts a total of 16 energy levels 
which invariable means 16 particles with 8 of these energy 
levels being positive while the other energy levels are nega- 
tive. But given that the vacuum setforth here separates the 
positive and negative energy particles, one can only talk of 8 
particles and these occupy the eight different region of space 
as. If one combined the present ideas with the three curved 
spacetime equation derived in the reading Nyambuya (2008a) 

- in my view, this positions us on pedestal to perharps explain 
why fundamental particles have varying masses and why they 
the generation of leptons come in pairs. 

Insofar as symmetry is concerned, we have in the present read- 
ing, destroyed the beautiful Dirac-Symmetries and amongst 
these and top of the list, is the cornerstone and sacrosanct 
CPT -symmetry. Dirac-Symmetries have inspired physicists to 
seek highly symmetric theories and amongst these is the Su- 
persymmetry Theory known as SUSY whose endeavor is to 
unite QM with the GTR. In light of what we have presented 
here, if it is correct, then, clearly highly symmetric theories 
may not be the desired thing for a final unified theory. This is 
just my opinion and obviously this may change as more un- 
derstanding of reality and nature comes to light. 

In closing, allow me to say that, writing this reading and my 
other readings Nyambuya (2007, 2008a, b) has been such pain 
because in all these readings, I find myself having to introduce 
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new ideas, terms and concepts and this by any measure is no 
easy task - because of this, I ask the reader to bear with me. 
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